INTRODUCTION
There are 13 currently recognized otter species in the world (Kruuk 2006) . All of them have morphological and physiological adaptations to aquatic environments (Estes 1989) . The Neotropical otter Lontra longicaudis (Mustelidae: Lutrinae) has a wide geographical distribution; it occurs from northern Mexico to Argentina and Uruguay, including most of the Neotropical region, except for Chile (Larivière 1999) . Its distribution includes areas of different climates and habitats: rivers, lakes, ponds, salt marshes, rocky seashores, marshlands and mangroves, what evidences the species' high ecological tolerance (Kruuk 2006) .
Despite its large distribution in Latin America, L. longicaudis has been poorly studied and is considered as a 'virtually unknown' carnivore (Mason and Macdonald 1986 , Kruuk 1995 , 2006 . Most of the published information about this species is related to its feeding habits; most studies have been carried out in Brazil, mainly in the southern region. Studies in southern Brazil have covered different aquatic environments, such as the estuarine region and lagoon of Florianópolis [285] [286] [287] [288] [289] [290] [291] [292] [293] [294] 286 KLEISSON S. SOUSA, VINICIUS A.G. BASTAZINI and ELTON P. COLARES (Alarcon and Simões-Lopes 2004, Carvalho-Junior et al. 2010a, b) , rivers from northern Santa Catarina State (Quadros and Monteiro-Filho 2001) , rivers from central Rio Grande do Sul State (Kasper et al. 2004a (Kasper et al. , b, 2008 , and coastal lakes and streams from far south Rio Grande do Sul State (Colares and Waldemarin 2000) . Further information about L. longicaudis in Brazil comes from Paranoá Lake in central Brazil (Louzada-Silva et al. 2003) , Duas Bocas Biological Reserve in Espírito Santo State (Helder and Andrade 1997) , and Betari River in São Paulo State (Pardini 1998) . Most authors reported that the species feeds mainly on fish, though it may also include other vertebrates and some invertebrates in its diet. In general, authors have not taken into account functional and ethological characteristics of its prey. Nonetheless, some studies have suggested that territorial fish, benthic fish and crustaceans are among its most frequent prey (Helder and Andrade 1997 , Pardini 1998 , Quadros and Monteiro-Filho 2001 , Kasper et al. 2008 . Data on seasonal variation in the diet of L. longicaudis are scarce (e.g. Helder and Andrade 1997 , Pardini 1998 , Colares and Waldemarin 2000 , Quadros and Monteiro-Filho 2001 , Kasper et al. 2008 , Carvalho-Junior et al. 2010a . Only a few authors carried out long-term studies (Carvalho-Junior et al. 2010a, b) . The temporal information available to far southern Brazil is anecdotal and lacks formal quantitative analysis (Colares and Waldemarin 2000) .
Feeding is a key aspect of animal ecology, as it involves many important biological characteristics (Crawshaw-Junior 1997). Therefore, knowing the feeding habit of a species is a fundamental tool for developing effective conservation programs and biomonitoring studies (Korschgen 1987) .
Currently, L. longicaudis is listed worldwide as 'data deficient' (IUCN 2010) , and it is considered as endangered (CITES 2011) in the categories 'near threatened' in Brazil (Chiarello et al. 2008) and 'vulnerable' in the state of Rio Grande do Sul (Indrusiak and Eizirik 2003) .
According to Indrusiak and Eizirik (2003) , investigations on the species' bio-ecological features are recommended for the elaboration of its conservation plans.
The present study aims at characterizing the feeding spectrum, seasonal variation and niche breadth of L. longicaudis in the Lower Arroio Grande River, southern Brazil. Our main aim is to understand how dietary composition oscillates as a result of the marked climatic seasonality (seasons) of southern Brazil.
MATERIALS AND METHODS

STUDY AREA
Our study took place in the Lower Arroio Grande River (32°18'S, 52°56'W), located in the Piratini-São Gonçalo-Mangueira Watershed, state of Rio Grande do Sul, southern Brazil. The study site is located in the inner coastal plain in the unit classified as alluvialcolluvial, between the Sul-Rio-Grandense Plateau (west) and the Lagunar Plain (east) (Justus et al. 1986 ). The Arroio Grande River originates in the south of the Sul-Rio-Grandense Plateau and flows into the Mirim Lake. The lower course flows through an agro-pastoral landscape, with predominance of rural grasslands composed of dry and wet fields, followed by the riparian forest of Arroio Grande River. The riparian forest is characterized, according to Waechter (1985) , as sandbank vegetation, composed of sandy forests that grow at low elevations on peats or frequently flooded, poorly drained soils. Additionally, rice growing stands out as the main economic activity, which established a network of artificial canals built for irrigation.
DATA COLLECTION AND ANALYSIS
The methodology used to study the feeding ecology of L. longicaudis was based on scat analysis (Korschgen 1987) . This method is unanimously used in studies on the feeding ecology of the Neotropical otter. However, this method has some major disadvantages. As shown by Carss and Parkinson 287 DIET OF Lontra longicaudis IN THE LOWER ARROIO GRANDE (1996) , the contents found in spraints do not reflect the diet accurately, but provide a rough estimate (Carss and Parkinson 1996, Kruuk 2006) . Nonetheless, this nonintrusive method allows the accumulation of much information in a relatively quick and inexpensive way (Korschgen 1987 , Crawshaw-Junior 1997 . We collected and analyzed 294 otter spraints, which were identified through odor and shape. In the laboratory, every scat was washed in a fine-mesh sieve (0.5 -1 mm) under running water, in order to remove all soluble material. Undigested parts and hard structures were used to identify prey items. Fish were identified, with the help of specialists, based on structures such as scales (C.F. Josef, unpublished data), vertebrae, mouth parts, otoliths, skull bones, fin rays and bone plates. Fish identification was done only through structures that allowed recognizing prey items. We assumed that unidentifiable undigested remains and bone fragments belonged to one of the prey items already identified in the scat. Mammals were identified through hairs, claws and teeth (incisors and third molars), which were compared to a reference collection from our study site. Birds were identified following the procedures proposed by Day (1966) , through bill and tarsus remains. Amphibians were identified through bones, snakes through scales, insects through exoskeleton and wings, molluscs through operculum, and crustaceans through carapace.
We calculated absolute and relative frequencies from a binary matrix (presence and absence) (Durigan 2003) . The absolute frequency (AF) represents how common an item is in the diet.
AFi = 100 p P
Where AFi is the absolute frequency of a given prey (%), p is the number of spraints with parts of a given prey, and P is the number of spraints analyzed.
The relative frequency (RF) represents the importance of a dietary item from 0 to 100%.
Where RFi is the relative frequency of a prey i (%), AFi is the absolute frequency of a prey i (%).
Niche breadth was estimated using the Levins index (B) (1968) .
Where p j represents the relative frequency individuals in the j th category. In order to calculate this index, prey items were organized in the following categories: insect, mollusc, fish, amphibian, reptile, bird and mammal. Levins' niche breadth was standardized (B sta ) following Colwell and Futuyma (1971) .
Where B max is the total number of categories found. The result ranges from 0 to 1. A value close to 1 indicates a broad trophic niche without the predominance of any prey in the diet, whereas values close to 0 indicate a narrow trophic niche, with the predominance of one or a few prey (Krebs 1999) .
A multivariate analysis was used to test for temporal variations. A correspondence analysis was used to assess the relationship between seasons (objects) and the consumption rates of different prey categories (variables) (Legendre and Legendre KLEISSON S. SOUSA, VINICIUS A.G. BASTAZINI and ELTON P. COLARES 1998). Prior to the analysis, data were transformed to deviations from expected values based on marginal totals. Pearson's product moment was used as resemblance measure.
To explore the temporal variation in the diet of L. longicaudis, permutational multivariate analysis of variance using the sum of squares (Qb statistic) between groups and within groups as our test criteria, following Pillar and Orlóci (1996) . The resemblance matrix was generated based on Euclidean distances and p-values; we used 1,000 iterations. The significance level used in all analysis was α = 0.05. All multivariate analyses were made in the package MULTIV 2.4 (Pillar 2006) .
RESULTS
FOOD COMPOSITION
The average (± SD) relative frequency per season shows that fish was the most frequently consumed item, representing 57.8 ± 7.0% of all prey items; it was followed by rodents with 20.1 ± 13.0%. The remaining taxa had values below 8.7% (Figure 1 ). Fish of the family Callichthyidae were the most frequent prey of L. longicaudis, considering both AF and RF, followed by the family Cichlidae, the species Hoplias malabaricus and the family Characidae. The remaining items were present in less than 13.9% (AF) of the spraints, and exhibited values below 5.6% (Table I) The correspondence analysis showed the distribution of different prey items along a seasonal gradient (Figure 3 ). The first axis explained 41.08% of the total variance in the dataset, while the second axis explained 36.43% of the variance. The winter of 2006 and spring, which were seasons marked by a high frequency of rodents in the diet, were located at the negative end of the first axis. The winter of 2007, season in which fish were the most important prey, were plotted in the positive panel, along with the first axis. The autumn of 2006, which was marked by an increase in bird consumption, was plotted at the negative end of the second axis, whereas the summer of 2006 was plotted at the opposite end of the same axis, since this season was marked by the consumption of snakes. Seasons that had intermediate values of birds and rodents consumption (summer, autumn and spring of 2007) along with rarely consumed categories (crustaceans and mollusks) or categories that are consumed in small frequencies all-year-round (amphibians and insects) were located near the origin (Figure 3) .
The randomization test indicated a temporal variation in the diet of L. longicaudis in the Lower Arroio Grande River (P = 0.001, between groups). There was a significant variation in diet in 2006 except for the period spring-winter, and in 2007, except for the periods summer-autumn and spring-winter. The variations were also observed among seasons of 2005 and 2007; except for the summer periods. 
Absolute frequency (AF) and relative frequency (RF).
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DISCUSSION
FOOD COMPOSITION
Our results show that fish are the main prey of L. longicaudis in the Lower Arroio Grande River, and that secondary prey change their importance throughout the seasons. Otters have evolved two distinct foraging models: fish-eating (piscivory seems to be the primitive foraging mode in otters) and invertebrate-eating (Estes 1989) . Nonetheless, few species have followed exclusively one of those models (Estes 1989) . Almost all otters are piscivorous, with the exception of the sea otter (Enhydra lutra) and species of the genus Aonyx (Mason and MacDonald 1986 , Estes 1989 , Kruuk 2006 . Among the fish of Arroio Grande, less mobile benthic species, which bony plates (Callichthyidae) are more common; they are followed by more agile species, that are territorial fish, such as the Cichlidae and Hoplias malabaricus. This feature of the prey was also observed by Kasper et al. (2004a Kasper et al. ( , b, 2008 . However, the main prey of otters belongs to the family Loricariidae (less mobile and benthic). Pardini (1998) and Chemes et al. (2010) corroborated the Loricarriidae as the main prey of otters. Several otter species have been observed preying on fish that are slow and bottom-living, rather than on fast and pelagic fish (Kruuk 2006) . However, this pattern is not consistent due to the wide variety of environments where L. longicaudis dwells. The otter's preference for the Cichlidae was reported by Helder and Andrade (1997) , Quadros and Monteiro-Filho (2001) and Carvalho et al. (2010a) . Those differences can be attributed to the aquatic environments where L. longicaudis occurs and to environmental conditions; some fish groups have morphological adaptations for living better in particular types of environments than in others (Breda et al. 2005) .
Most studies have shown that crustaceans are usually the second most frequent item consumed by otters (Parera 1993 , Helder and Andrade 1997 , Macías-Sánchez and Aranda 1999 , Colares and Waldemarin 2000 , Gori et al. 2003 , Alarcon and Simões-Lopes 2004 , Carvalho-Junior et al. 2010a , b, Chemes et al. 2010 . Nonetheless, in other sites, crustaceans are consumed at remarkably high frequencies (Spínola and Vaughan 1995 , Pardini 1998 , Quadros and Monteiro-Filho 2001 . The low consumption of crustaceans observed in the Lower Arroio Grande River corroborates the results by Louzada-Silva et al. (2003) , Kasper et al. (2004a Kasper et al. ( , 2008 . Most likely, differences observed in the diet of L. longicaudis in different regions result from local ecological peculiarities.
Rodents, birds, snakes and insects found in the diet of L. longicaudis belong to families or species of semi-aquatic habits. Other authors have In the Lower Arroio Grande River we observed an increase in secondary prey (rodents, birds and serpents) in some periods. Some authors reported that a decrease in fish consumption may result in an increase in crustacean consumption (Macías-Sánchez and Aranda 1999 , Gori et al. 2003 , Carvalho-Junior et al. 2010a . The variation observed in the ordination analysis reflects significant seasonal variations in the diet. Studies on temporal dynamics in the diet of the Eurasian otter (Lutra lutra) reported strong evidence of seasonal variation in freshwater environments (Kruuk 2006) . The same pattern was observed for L. longicaudis in tropical (Macías-Sánchez and Aranda 1999, Pardini 1998) and subtropical areas (CarvalhoJunior et al. 2010b ). Helder and Andrade (1997) observed variations between rainy and dry seasons, but did not find significant variations among seasons of different years (summer, autumn, winter and spring). Carvalho-Junior et al. (2010a) , who studied otter diet in the subtropical region, did not find intra or inter-annual variations. Those differences may be attributed to the marked temporal changes of some aquatic environments and also to features of different ecosystems. In the Lower Arroio Grande River the water level increases in the winter due to high rainfall and low evapotranspiration. However, the summer is characterized by low rainfall and high evapotranspiration, which add up to water loss for the maintenance of irrigated rice fields close to the Lower Arroio Grande River, resulting in low water levels. It is possible that these seasonal changes in water level have a strong influence on the consumption of secondary prey, which causes high seasonal variations in the diet of L. longicaudis in the Lower Arroio Grande River.
In conclusion, the diet of L. longicaudis in southern Brazil is based on fish and its niche breadth is narrow. The Neotropical otter seems to prey upon the most vulnerable animals (e.g. territorial, fast-moving fish and slow moving, bottomdwelling fish). There are seasonal variations in diet composition. Probably, this is a consequence of their feeding flexibility combined with abrupt environmental changes between extreme seasons (winter and summer). DIET OF Lontra longicaudis IN THE LOWER ARROIO GRANDE revising the manuscript and for their comments. We are especially thankful to Hans Kruuk for revising the final version of this manuscript and for providing valuable comments and improvements. 
